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FOREWORD 


This memorandum presents information acquired in preparation 
for conducting a test to validate plume simulation procedures for 
Shuttle (Test FA-17). This vvork was performed for the Systems 
Dynamics Laboratory of MSFC under Contract NAS8-32128. The NASA 
Technical Coordinator for this work is Mr. Kenneth L. Blackwell of 
ED32. Appreciation is extended to Dr. W. A. Foster, Jr., of Auburn 
University, for the eleven balance design and analysis efforts. 
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NOMENCLATURE 

a Absolute 

AP Ammonium perchlorate 

b Wing span 

B.P. Butt plane (corresponds to Y direction) 
c.g. Center of gravity 

c.p. Center of pressure 

Cbm Bending moment coefficient 

Crm Hinge moment coefficient 

C[^ Normal force coefficient 

CjM Root torque coefficient 

CTPB Carboxyl -terminated polybutadiene 

d Differential 

Normal force 

F.S. Fuselage station (corresponds to X direction) 

H Hinge line 

Iy. ly Moment of inertia 
l6c Interstate Commerce Commission 

Id. Identification 

IML Inner mold line 

L Left 

M Mach number 

M.A.C. Mean aerodynamic chord 

0 

0/F 
OML 
QMS 
P 

psf 
psi 

q 

r 
R 

Re 
RI 
T 

UXY 

W. P. 

X, Y, Z Orthogonal directions 

a Angle of attack 

Y Ratio of specific heats 

6e Eleven deflection angle 

6j Plume initial expansion angle (see Fig. 1) 

Subscripts 

c 
e 
i 

0, 0 

P 
t 
T 

CO 

•k 


Base 

Chamber 

Eleven 

Inboard 

Orbiter, Outboard 

OMS pod 

Total 

Tank 

Freestream 

Throat 




Orbiter 

Oxidizer-to-fuel flowrate ratio 
Outer mold line 
Orbital Maneuvering System 
Pressure 

Pounds per square foot 
Pounds per square inch 
Dynamic pressure 
Radius 
Right 

Reynolds number 
Rockwell International 
Temperature 
Product of inertia 

Water plane (corresponds to Z direction) 
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1 . INTRODUCTION 


The Space Shuttle Launch Vehicle (SSLV) configuration exhibits signi- 
ficant interaction between the main propulsion plumes and the vehicle aerody- 
namics. Exhaust plumes from the Space Shuttle Main Engines (SSME) and Solid 
Rocket Boosters (SRB) interact among themselves and with the external flov/- 
field. This interaction establishes the base environment on the Orbiter, 

SRB, and External Tank (ET); affects aerodynamic stability and control (via 
flow separation); and affects the aerodynamic control surface effectiveness. 

A comprehensive study keyed to analysis of well-chosen experiments has 
been in progress for some time. Ref. 1. The ultimate goal is to base the SSLV 
aerodynamics upon measured values from a subscale model test in a wind tunnel, 
while using proper simulation of the propulsion plumes. To meet that goal re- 
quires validation of this simulation procedure. 

Simulation of a model to a prototype plume has been considered by many 
(Refs. 2-13), and it appears sufficient to match shape and edge viscous effects, 
Fig. 1. A simple concept to achieve this match would use a geometrically 
scaled nozzle flowing the prototype plume gas. However, matching of y and 
temperature is not available at this time by means other than use of subscale 
rockets. It would have been very complicated and expensive to base the complete 
SSLV development program on such subscale rockets. Therefore, a simpler tech- 
nique was sought; use air jets and match some appropriate simulation criteria. 
Review of prior work indicated that matching Herron's parameters (Ref. 10) 
might be adequate simulation. 

An investigatory test (MA-lOF) initiated the experimental effort in mid 


1973. Subsequently, an extensive program has been performed. The bulk of 
testing has involved a simple 
ogive-cylinder body, with lim- 
ited investigations of the SRB 
flare effect and the SRB+ET com- 
bination. Parallel to the 
experiments has been analytical 
effort aimed at verifying the 
applicability of Herron's para- 
meters (Ref. 10), especially 6., 

0 



or finding other adequate cor- 
relators (Refs. 14, 15). 


Fig. 1 Plume Geometry 
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More recently the parameter 6 jy^ (where C is a function of M^) has been re- 
commended to provide adequate correlation between gas-only and solid-pro- 
pellant exhaust (Ref. 16). 

This memo presents the results of an effort to plan a final verification 
wind tunnel test (FA17) to validate the recommended correlation parameters and 
application techniques. The test planning effort is complete except for test 
site finalization and the associated coordination. Tv^/o suitable test sites 
are identified. Desired test conditions are shown in Table 1. Subsequent 
sections of this memo present the selected model and test site, instrumentation 
of this model, planned test operations, and some concluding remarks. 


TABLE 1 . DESIRED TEST CONDITIONS 


a 

M 

CO 

0.9 

1.0 

1.2 

1.4 






-4° 

Norn. + Add' 1 . 

Norn. 

Norn. + Add'l. 

Norn. 

0 ° 

Norn. 


Norn. 


+40 

Ml.,,.. 

Norn. 


Mom. 



where 

"Norn." = nominal value of 69 > probably to be consistent 

with Test lA 119A and 

"Add'l."= an additional value of 5e • 
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2. MODEL DESCRIPnON 

For this test program, the model must simulate all SSLV ascent pro- 
pulsion plumes vvhile maintaining geometric similitude to the SSLV vehicle 
shape. The effect of these ambitious constraints upon model selection are 
detailed in the first section below, followed by description of the physical 
and operational aspects of the selected model. 

2.1 Selection - There are two basic approaches generally available: either 

adapt existing hardware to the specific needs of the contemplated test, or 
build new test-specific hardware. Both approaches were considered. The 
desired model features were: 

1. Match external mold lines of SSLV ascent configuration. 

2. Simulate hot, reacting exhausts of SSLV ascent configuration: 

a. SSME - Oa/Hj at Pc~ 3000 psia, Tc5=^XXXX°R 

b. SRB - }6% Al solid propellant 0 Pq« 600 psia, ~ XXXX°R 

3. Match Pj,/P^ in transonic range. 

The existing models that might be considered are of three general cate- 
gories. First are those built under MSFC initiative for the plume technology 
program. Those described in Refs. 17 - 19 feature plume simulation via cold 
or warm (1000 °R) gas, and model shapes that are only generally similar to 
SSLV. Those described in Refs. 20 and 21 have solid propellant rocket motors 
for either a single body (Ref. 20) or for the SRB+ET combination (Ref, 21). 
Second are the Rockwell International (RI) models built for vehicle aero- 
dynamic test which match the SSLV configuration and use cold air plume sim- 
ulation, Refs. 22 and 23. Third is a single model built for RI and used for 
base heating tests, Refs. 24 and 25. This model, denoted 19-OTS, generally 
matches SSLV shape and features near duplication of SSLV plumes via O 2 -H 2 
combustion products for SSME and solid nt'opellants for SRB. 

Most of the models in the first two categories are designed for the plume 
simulation gas to be supplied from a source outside the model. It was judged 
impractical to attempt to pipe gases at 5000'’ R. Moreover these models would 
not have adequate structural integrity for such gases. The rocket models (Refs. 
20 and 21) are akin to the SRB but quite different from the SSME, Furthermore, 
neither is very representative of the SSLV mold lines. Therefore, all models 
in the first two categories were eliminated. However, the 19-QTS model appear- 
ed very attractive for this application and was selected for adaption. 
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This model is 2.25% scale, and is very close to the current SSLV 
configuration except that the ET is one diameter longer and the 0/ET attach- 
ment structure is not to scale; it has about 0.6 sq. ft. of frontal area. 

The plume simulation operates at 50% of nominal flight values, for 30-60 
msec. For this size model to present only 0.5% blockage requires a tunnel of 
120 sq. ft. cross-section. A 0.5% blockage value is suggested as appropriate 
for transonic testing, especially when considering that the plumes increase 
the effective blockage. The available model level would require a var- 
iable-density tunnel to match flight values of Pc/Foo- impact of the short 
duration of plume simulation upon instrumentation is detailed in Section 4, 
below. The impact of the overlong ET is discussed in Section ,6, below. 

Consideration was also given to building new test-specific hardware. 

Three features of such a new model could be more attractive than the 19-OTS 
model : 

1. Smaller size so that a smaller, less expensive tunnel 
could be used. 

2. Higher Pq so that a variable density tunnel would not 
be needed. 

3. A simpler SSME simulation might be devised - probably 
a solid propellant rocket. 

Investigation of these ideas did not indicate that a new model would be 
justified. First, it was assumed that any new model would cost at least as 
much as duplicating the current 19-OTS model. Although the new smaller model 
would use less material, considerable engineering effort would be required to 
design any smaller O 2 /H 2 valving or alternate SSME simulation technique. Such 
a cost would probably not be recovered from tunnel costs savings for any fore- 
seeable test program even if the new model were small enough to be tested in 
4x4 or 6x6 foot tunnels. Moreover a 50% reduction (which might fit a 6x6 foot 
tunnel) would likely result in a significant reduction of plume simulation 
duration, probably as much as 50%. Although a duration of 30 msec is probably 
acceptable, 15 msec is probably not - see Section 4 below. Therefore, a 
smaller model v;as eliminated from further consideration. 

Second, the provision of higher P(. was investigated. If such could be 
incorporated into the extant 19-OTS then a real savings could be realized. 
However, it was evident that this model was designed for the current pressure 
levels, and a factor of 2 increase could not be applied without complete 


4 
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redesign. Thus higher Pc would mean a new model. As above, the cost of a 
new model could not be expected to be recovered from tunnel cost savings. 
Third, a simpler {i.e., solid propellant) SSME simulation would not be 
worthwhile by itself, but only in combination with either a smaller model 
and/or higher Pq capabilities. The high Pq capability would be for 3001 
psia, and satisfactory current solid propellant model technology is not 
known. Therefore, further consideration of any new model was terminated. 

Thus the 19-OTS model was selected for this program with certain in- 
strumentation additions described in Section 4 below. 

2.2 Description - The 19-OTS model was developed by Cal span Corporation 
during 1972-73, Refs, 24 and 25, Two test programs - IH5 and IH34 - were 
performed during 1974-75; the model was refurbished, improved and updated 
for the 1976-77 IH39 test (Refs. 26 and 27); and is now in use on IH75A. 

Thus this model represents mature design for which a considerable amount of 
experience is available. Fig. 2 depicts the model. Table 2 gives detailed 
dimensional data and Table 3 lists the associated drawings. The model ET 
mounts to a thin blade strut which attaches to a sting, and all instrumen- 
tation, control, and pneumatic lines are routed internally through them. 

Model - This model operates on short-duration firing principles. Combustion 
products of Ha and Oa are provided to the three SSME nozzles, and 15!’^ aluminum 
solid propellant combustion products to the two SRB nozzles, for near dup- 
lication of the SSLV. SSME and SRB nozzle internal surfaces are geometrically 
duplicated; external surfaces are smooth. These nozzle walls are structurally 
thickened to withstand heating. The skirt curtain between the SRB shroud and 
nozzle is simulated. The QMS nozzles are simulated externally and internally, 
although there are no flow provisions, and are positioned in their "stowed" 
ascent position (6° pitch down and 7° yaw outboard from null). A non-scale 
adapter connects the orbiter to the ET, containing propulsion supply lines, 
autovalve control lines, charge tube thermocouples, and cooling lines. It 
also provides a mounting surface for the orbiter wing. Flanges and a small 
strut connect the SRB's to the ET. The ET is one diameter longer than cor- 
rect scale. 

Model 19-OTS was built to the Space Shuttle Vehicle 5 lines and conforms 
to the following Rockwell International Space Division Drawings: 



c. Plume Simulation Items 


(after Ref. 24) 


5 inches 


Spiral Propellant 
Charge Tube 


Support Strut 


H 2 St^lrage 


Control 

Valves 


Fast-Acting 
Bi propellant Valve 


SSME Nozzle 

Combustion Chamber — 
Propellant Injector 

Flow-Metering Venturi v 

Flow Straightener ^ \ 

Valve Piston v \ ' 



H2 


Pi 


Diaphragm 


Ins£fum?TTt3TT6n^ 02~Si:oTage 
& Plumbing 


Fig. 2 19-OTS Model 
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TABLE 2. 19-OTS MODEL DIMENSIONS 
a. Bodies and Nozzles 


Dimension 

Units 

ORB ITER BODY 
(B64) 

ORBITER CANOPY 
(C16) 

CMS POD 
(MIS) 

Full Model 

Scale Scale 

Full 

Scale 

Model 

Scale 

Full Model 

Scale Scale 

Length OML 


in. 

1293.3 CD 29.099 

236.9207® 

5.331 

200,00 © 4.500 

OML Ref. 




1290.3 ® 29.032 




I ML 




1288.8 0 28.998 




Max. Width OML 




262.718 ® 5.911 

194.4394® 

4.375 

135.75 O 3.054 

I ML 




260.718® 5.866 




Max. Depth OML 




248.575© 5.593 

58.8007® 

1.323 

74.50 © 1.676 

IML 




246.575© 5.548 




Fineness Ratio OML 


1 


5.203 



1.937 

IML 



2 

5.227 




Max. Cross-sectional 

Area 

ft. 

340.82 $ 

45.6558 ® 

0.0231 

58.169 © 0.029 

Drawing Humber 




VC70-000002, 

VC70-000002A, 


VC70-000002, 





i*MOV-70 Baseline 

MDV-70 


VL70-008410, 





IML 



MDV-70 





Ref. Vehicle 5, 

Ref. Orbiter 102, 

Ref. Vehicle 5 





MCR 200, Rev. 7 

MCR 175 


MCR 200, Rev. 7 





10/17/74 



10/17/74 





®Xo • 235-1528.3 

®Xo > 433.0793-670 

© Xn = 1311-1511 





©Xo = 238-1528.3 

®At Xn = 594 


O Xn = 1511, Xp = 304 





©Xq = 239.5-1528.3 

®At Xo = 492 


© Xp = 304 i 





©At Xo = 1516.801 

@At .Xo = 520 


^ P 1 





©At Xq = 1463.316 



i 





EXTERNAL TANK 

5RB 







(T33) 

(S22) 



Length 


i 

T. 

1852.486 41.681 

1789.60 

40.266 


Max. Diameter 


•1 

r 

333.000 7.493 

146.00 

3,285 

(Tank) 

Fineness Ratio 



2 

5.563 

208.20 gggg 

4.685 

(Aft Shroud) 

Max. Cross-sectional 

Area 

ft. 

604.807 0.306 









236.423 

0.120 


'A. P. of centerline 


(zt) 


400.0 

9.000 


F. S. Of nose 


(Xt) 


743.0 

16.718 


B. P. of centerline 


(Yt) 


250.5 

5.636 


Drawing Humber 




VC78-000002B, 

VC77-000002C, 







82600203049 

VC70-0O0Q02A, 







for spike nose 

VC72-000002C 



V 




MAIN NOZZLES 

CMS NOZZLES 

SRB NOZZLES 

« 




(N94) 

(N92) 


(N106) • 

Length {Gimfaal Pt. to 

1 

Exi t PI . ) 

1n. 

155.69 3.526 

56,00 

1.260 ] 

Diameters 



in. 




(5|> 145.540 3.277 

Exit 




93.75 2.109 

50.00 

1.125 


Throat 

Areas 

Exit 

Throat 

Gimbal Point (Sta.] 
Xo 
Yo 
Zo 
Xo 
Yo 
Zo 

Null Position 
Pi tch 
Yaw 
Pi tch 
Yaw 

Drawing Number 


z 

ft. 


in. 


deg. 


47.937 

I© 1445.000 
0.000 
443.000 
M 1468.170 
53.000 
34.264 


.0243 


32.513 

0.000 

9.968 

33.034 

+1.193 

"0.771 


27.778 

13.634 

4.205 

158.00 

+ 88.00 

W92.Q0 


0.625 

.0069 

.0021 

34,155 
+1 .980 
n .070 


03)115.688 

© 1863.458 
+250.500 
400.000 


0.059 


41 .928 
+5,636 
9.000 


© 16.0° Up 
T 3.0° 

© 10.0° Up 
i 3.5° Outboard 

7070-000002, 

VL70-008144. 

RS09189, SS-A01216 


15°49' Up 
6° 30' Outboard 


VD7 0-000002, 
SS-AOl 240 


VC77-000002D 


Upper Nozzle 
ly Lower Nozz'te 


© I.D.: 

^ 0.0. = 147.64 3.322 
© Cold; 

hot = 1375.358 42.196 
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TABLE 2. (Concluded) 
b. Wings, etc. 


Dimension 


Planform Area (Theo.) 
Span (Theo.) 

Aspect Ratio 
Rats of Taper 
[Taper Ratio 
Dihedral Angle 
Incidence Angle 
Sweep Angles 

L. E. 

T.E. 

.25 Element Line 
Hingeline 
Chords 
Root (Theo.) 

Tip (Theo.) 

M. A.C. 

.25 M.A.C. Fus. Sta. 
.25 M.A.C. W.P. 

.25 M.A.C. B.L. 


Ai rfoil 


L.E. Radius 


L.E. Cuff (data for 1 of 2 sides) 
Planform Area 

L.E. Intersects Fus. M.L. at Sta 
L.E. Intersects Wing at Sta. 

Inboard Equivalent Chord 
Outboard Equivalent Chord 
Ratio of moveable/ total chord 
At Inbd. Equiv. chord 
At Otbd. Eguiv. chord 
Area Moment (Area x M.A.C.) 

Area used in CnMe Computation 
Void Area 
Drawing Number 


Units 


ft. 

in. 


deg. 

deg. 

deg. 


in. 


ft. 

in. 

in. 

in. 

in. 


ftl 

ft? 

ft? 


TOTAL WING 

EXPOSED 

ELEVON 

VERTICAL 

BODY 

FLAP 

(W129) 

WING 


TAIL (V23) 

(F14) 

Full Model 

Full 

Model 

Full Model 

Full Model 

Full 

Model 

Scale ' Scale 

Scale 

Scale 

Scale Scale 

Scale Scale 

Scale 

Scale 

2690.00 1.362 

1751.50 

0.887 

206.57 0.105 

413.253 0.209 

134.125 

0.068 

936.68 21.075 

720.68 

16.215 

346.44 7.795 

315.720 7.104 

238.000 

5.355 

2.265 

2.060 


1.675 



1.177 




0.507 



0.200 

3.500° 

0.500° 

0. 

245 


0.404 



45.000° 



0.000° 

45.00° 

0 

O 

-10.056° 



-10.056° 

26.25° 

0 

0 

35.209° 




41.13° 



689.24i®15.508 



0.000° 


0 

o 

562.09^ 

S2.640 


268.50 6.041 

81.00 

1.823 

137.849 3.102 

137.84^ 

*3.102 


108.47 2.441 

81.00 

1 .823 

474.812 10.683 

392.826 

8.839 

89.50 2.014 

199.81 4.496 

81.00 

1.823 

1136.834 25.579 

1186.500 26.696 


1463.50 32.929 



290.857 6.544 

293.683 

6.608 


635.52 14.299 



182.132 4.098 

251 ,769 

5.665 


0.0 0.0 



RI mod. of NASA 

XXXX-64; 



Double Wedqe; 


Root b/2 = .1136 




Leading Wedge = 

10.00° 


Tip b/2 = .1200 




Trailing Wedge =■ 

14.92° 






2.00 0.045 




145.4 

0.074 






500.0 

11.250 






1084.0 

24.390 

116.500 2.621 







55.219 1.242 







.2137 







.3999 







1540.74 0.0175 


905.344 

0.0103 




210.00 0.106 

13.17 0.007 





VC70-000002A 

VC70-000002; 

• VC70-000002. 



Hingeline at Xo=1387, Blanketed area=0 HDV-70 



Splitline at Yj=312 
6.0" gap, beveled 

.5 

Yq=- 1280 
K. at Xo=lS32 



edges. 

Ref. Vehicle 

5, Ref. Vehicle 5. 



Ref. MCR 200, Rev. 7 

MCR 200, Rev. 

7, MCR 200, Rev. 7, 




10/17/74 

10/17/74 

10/17/74 

*S)At a.p. 0 

®At B.P. 108 






— i 

©At lOOS b/2 
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TABLE 3 


19-OTS MODEL DRAWING LIST 


DRAWING 

NUMBER 

REVISION 

TITLE 

DATE 


a. 

Test IH-39 Original Drawings 


SS-H-00404 

- 

Hydrogen Charge Tube - Outer 

03-15-73 

405 

- 

Hydrogen Charge Tube - Inner 

03-15-73 

407 

- 

Oxygen Charge Tube - Outer 

03-18-73 

408 

- 

Oxygen Charge Tube - Inner 

03-18-73 

413 

C 

Autovalve Assembly 

02-27-76 

414 

A 

Autovalve Body Detail 

01-20-75 

415 

E 

Autovalve Details 

06-18-74 

418 

J 

External Tank Body Detail 

04-30-76 

419 

A 

Plug Cover -ET 

11-08-73 

420 

B 

End Plug - ET 

05-17-76 

423 

K 

Nozzle SSME Firing 

05-05-76 

424 • 

E 

Nozzle SSME Non-Firing 

05-06-76 

425 

F 

Gimbal Blocks - SSME 

03-09-76 

426 

'A 

Detail - Nozzle Clamps 

03-28-74 

428 

- 

Transducer Cover - ET 

04-06-73 

439 

A 

Model Strut Details & Weldment 

06-11-73 

444 

B 

OMS Nozzle Detail 

03-04-76 

447 

B 

Autovalve Details 

07-14-76 

450 

- 

Orbiter Details 

05-10-73 

451 

B 

Shock Absorber - Autovalve 

05-29-74 

455 

C 

Detail Brackets - Autovalve 

06-10-74 

SS-H-01506 

D 

Installation - Model 19-OTS 
Test IH-39 in NASA Lewis 10' x 10' 

04-26-76 

SS-H-01535 

A 

Supersonic Wind Tupnel 
Model Strut & Fairing Rework 

02-17-75 

SS-H-Q1536 

F 

, stinn Detail X Weldment 

03-30-76 


b. 

Test lb- New Drawings 


SS-H-01620' 

3 

Wing & Elevens 


21 

3 

Nose Assy - Orbiter 

03-11-76 

22 

4 

OMS/RCS Pods 

04-15-76 

23 

7 

Venturi Housing & Venturi Inserts 

05-19-76 

24 

6 

Injector Housing & Injector Insert 

05-19-76 

25 

8 

Combustor Housing & Nozzle Adapters 

07-12-76 

26 

3 

Autovalve Revision & Details 

03-11-76 

27 

6 

Adapter - Orbiter/ET 

07-12-76 

28 

3 

Base Section 

05-11-76 

29 

3 

Outer Frame Section (Cold Base) 

05-14-76 

30 

5 

Heat Shield - Orbiter & Nozzle 

05-18-76 

31 

1 

Venturi Test Fixture 

03-12-76 

32 

2 

Vertical Tail 

03-04-76 

33 

4 

Body Flap & Closeout Plate 

04-08-76 

34 

3 

Outer Frame Section (Hot Base) 

05-14-76 

35 

7 

Heat Shield Assy (Hot Base) 

05-06-76 

36 

1 

Orbiter Assy 

04-28-76 

37 

2 

OTS Model Assy 

04-30-76 

38 

7 

External Tank Assy & Details 

05-17-76 

39 

1 

Autovalve Body Detail 

06-25-76 

40 

1 

Hyrdrogen Charge Tube Assy 

11-12-75 

41 

11 

SRB Assy & Details 

07-09-76 

42 

3 

Alternate Propellant Holder & Details 

07-08-76 

43 

1 

Model Strut Revision 

03-12-76 
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VC72-000002D 

VC70-000002A 

VC78-000002B 

VC77-000002D 

VC70-355101C 

(sheets 1-10) 

VL70-008401 


Design Geometry - Shuttle 

Design Geometry - Orbiter 

Design Geometry - External Tank 

Design Geometry - Solid Rocket Booster 

Orbiter Heat Shield 

OMS/RCS Pod (Plus an unnumbered attachment showing 
the modified "doghouse") 


plus these McDonnell Douglas Astronautics Company drawings: 

73J31ia06 OMS Pod Base Bulge 

73J311007 OMS Pod Base Bulge 

(2 sheets) 

Considerable complexity is associated with H 2 /O 2 combustion process. 

This system consists of H 2 and O 2 charge tubes, a fast-acting bi -propellant 
valve (autovalve), H 2 and O 2 metering venturis, an injector, a combustion 
chamber, and the three SSME nozzle assemblies. The charge tubes are arranged 
spirally in the ET; all other items are in the orbiter. These charge tubes 
supply gases at approximately 3000 psia through the autovalve to the venturis. 
When the autovalve opens, the gases are supplied to the venturis at constant 
conditions for the expansion wave time of the charge tubes. The autovalve is 
a pneumatically operated piston-type valve. Fig. 3. Two electrical solenoid 
(Valcor) valves, when energized, permit high pressure N 2 (approximately 3000 
psia) to enter chambers within the autovalve and move the piston to open or 
close the O 2 and H 2 ports. • The autovalve is probably the most complex item 
associated with this model, initiating then terminating the SSME nozzle flows 
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within controllable periods as brief as 30 nisec. The venturis operate under 
choked flow conditions, and are designed for an 0/F ratio of 6.0. The single 
injector is composed of twelve doublets designed to impinge on a diameter 
equivalent to the combustion chamber area mean diameter. Doublet holes are 
equal in size, angled to balance the radial momentum of Ha and Oa streams. 

The single combustion chamber provides the necessary volume for the gases to 
mix and burn, and is common to all three SSME nozzles. A pyrotechnic 
ignition source is located in the chamber. Nominal is 1500 psia and is 
controlled by charge tube pressure and losses in the autovalve, venturi, and 
injector. Nominal run time is 30 msec. Up to 60 msec can be readily obtained 
but leads to some hardware deterioration (one inadvertant 150 msec run re- 
sulted in a hole being burned in the combustion chamber wall). 

In effect, the SSME exhaust simulation involves all of the aspects of 
the NASA/MSFC Impulse Base Flow Facility except for the IBFF*s vacuum cell 
feature. 

In addition, this model has solid propellant charges for the SRB sim- 
ulation. These items are similar to the Cal span-developed motors used on 
the MAI IF, FA7, and FA22 tests, (Refs. 28-30), and are essentially identical 
to those used on the FA23 test (Ref. 21). Each consists of a propellant 
holder, ignition gas system, diaphragm, and nozzle assembly. SRB flow is 
controlled by the amount of solid propellant used. The propellant holder is 
a cylindrical casing which 'fits inside the SRB. Solid propellant is glued 
to a thin aluminum sheet (O.Oll in. thick) and rolled to fU. inside the 
holder. GNa coolant is flowed through the propellant holder to maintain the 
propellant at a constant temperature during the wind tunnel run before ignition. 
To insure rapid and simultaneous ignition of the two SRB's, both are filled 
with a mixture of ethylene (CaHs) and oxygen immediately before the desired 
firing time. A pyrotechnic source ignites this gas mixture which in turn 
ignites the propellant, A single igniter is used for both SRB's. The dia- 
phragm is contained in the aft propellant holder and cap. It is made of thin 
sheets of Mylar sized to burst slightly above the desired An 0.063 in. 
diameter hole is at the center of the diaphragm to permit the Na coolant flow 
to exit. The solid propellant is ANB-3066B, a 151 A.?,/AP/CTPB composition 
which is an ICC Class B explosive that functions by rapid combustion rather 
than detonation. Burning rate is a function of pressure, temperature, and 
humidity. Nominal is 290 psia and nominal duration is 100 msec. 

Data typical of model operation is shown in Fig, 4. 


R3 e: k/i ”t e; cz: hH l o. 


RM 024-1 


Venturi Inlet 
Pressure 


Full Open 
AutovaVve 


Position 


Ignition- 


SRB P„ - Left 


SRB P^ - Right 



s; 3000 psia 




Diaphragm Rupture (SRB Flow Begins) 


290 psia 


Base Pressure 


•H K 10 msec 


Orbi ter 


Fiq. 4 Typical 19-OTS Model Operation 
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Gas Supply and Control - Considerable effort was expended by NASA-Lewis to 
design and build gas supply and control systems for the IH-39 test. The 
concept is sketched in Fig. 5. The detailed schematics are presented in 
NASA-Lewis drawings MDS-945 Revision K and MDS-945A, Revision G (Fig. 6). 
Five plumbing panels were built: one each for SSME O 2 , H 2 , 6000 psi N 2 , 

cooling/purge N 2 , and ethylene/oxygen for SRB ignition. These panels and 
all supply bottles were mounted atop the tunnel test section, except for the 
cooling N 2 which came from a trailer parked outside the tunnel building. In 
the control room, an extensive console ms used to monitor and control these 
gas systems. 
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3. TEST SITE 

The selection of the 19-OTS model has a significant impact on wind tunnel 
selection. The size of this model combined v/ith the need to keep blockage at 
or below 0.5% requires a tunnel test section of 120 sq. ft. The model 
levels combined with the need to match Pc/P^ requires a variable density fac- 
ility able to provide q^gst ~ ^ ^flight* these constraints combined 

with the desired Mach range of Table 1, there are only two candidates: 

NAME SIZE MACH RANGE 

NASA Ames UPWT 11x11 121 sq. ft. 0.5 - 1.4 

USAF AEDC 16T 256 sq. ft. 0.6 - 1.6 , 

Both operate in continuous, as opposed to blowdown, mode. The capabilities 
of these candidates are compared to the requirements (using the Ref. 31 flight 
profiles) in Fig. 7. Either facility could meet the primary test needs. There 
are secondary technical items which favor AEDC 16T: (1) propulsion testing is 

commonplace there so that provisions for propellant handling, exhaust gas 
scavenging, etc., are already available; and (2) the larger size minimizes 
any wall effects on the model. These items alone would not compel the sel- 
ection of AEDC 16T. Rather, cost and schedule (availability) considerations 
could be the deciding factors. Final selection and scheduling is beyond the 
scope of this effort. 


4. INSTRUMENTATION 

The 19-OTS model was built for base heating studies, and has been pro- 
vided with extensive instrumentation in the base region of each component. 

This instrumentation measures surface pressures, temperatures , and heat tran- 
sfer. Only the pressure instrumentation would be of use for FA-17 needs. 
However, base pressure alone would not fully satisfy the goal of validating 
that the recommended plume simulation parameters adequately account for all 
of the important plume-induced aerodynamics. For this goal it would be nec- 
essary to measure pressures or forces on the wing, elevens, body flap, ver- 
tical tail, and nozzles. To thoroughly quantify the complex aerodynamics on 
these complex geometries via surface pressure measurements would require a 
very large number of taps. A simpler approach is to incorporate force balances 
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into these components. Such balances must withstand the most critical of 
either power-off or power-on steady loads, and measure the power-on loads 
with precision adequate to satisfy the validation goal, Also, because metal 
balances would not damp out to steady state in the short duration of plume 
simulation (without providing mechanical dampers which would be complex 
beyond practicality of this test), special data reduction techniques will be 
needed. The design of balances to meet these criteria was undertaken. To 
date the wing balance and eleven flexui'es have been completed, as described 
below. 

Loads were taken from earlier wind tunnel test programs. To estabVtsh 
the loads it was necessary to define the desired range of elevon deflection 
angles as these deflections cause significant effects on both wing and elevon 
loads. The flight values of deflection angles and angle of attack are not 
precisely known because in flight they will be controlled so as to minimize 
total wing loads. Estimated elevon angles are shown in Fig. 8; anticipated 
excursions about this nominal schedule are + 3-4''. The FA-17 wing and elevon 
balances were designed for this envelope of elevon deflections. 



Fig. 8 Elevon Deflection Schedule 6 (duly 28, 1976) 
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4.1 Wing Balance - The wing balance is intended to measure normal force and 
its location. For the FA-17 test it would be important to precisely measure 
the difference in plume on and plume off normal force; this difference was 
estimated to generally be no more than 10?^ of the likely plume off design level. 

For wing balance design loads, data from Test IA80 were used. That test 
covered the range M = 0.9 1.4 and a = -4° +4°, both with and without plume 

simulation. These data showed that normal force at the nominal flight value 
of a = 2° would be no larger than about 22.5 lb., but this value would increase 
4-6 lb. for each increase in a of 1°. Thus a balance designed to accommodate 
a = 4° would be operating at half or less of maximum capacity at the most 
important condition (a = -2°), with correspondingly reduced accuracy, espec- 
ially considering the need to quantify plume-on to plume-off differences. 

This type of problem frequently arises, and can be handled by several tech- 
niques: different capacity balances for differing load ranges, lov/ering tun- 

nel dynamic pressure to maintain constant force levels as nondimensional force 
coefficients increase, or limiting the test matrix. For this program it was 
decided that providing several balances would be too expensive, and that the 
change in Reynolds number accompanying a change in tunnel dynamic pressure 
would be unacceptable. Instead, it was decided to design the wing balances 
for a = -2° and limit testing with this wing balance to a ^ -2°, while planning 
to test at a > -2° with other instrumentation (elevon balances, base pressures, 
etc.). Thus, design wing loads were F[\j = 22.5 lb., dPf^/da = 6 1b. /deg. 

Wing center of pressure was relatively constant, generally being within 
+0.25 in. of a point 3.0 in. forward of the elevon hinge line and 4.7 in. 
outboard of the wing root. Fig. 9. Wing mass properties were obtained by 
approximating the wing defined on RI Drawing SS-H01620, 4/12/76, by 41 trape- 
zoidal prisms. These mass properties and loads were used to design a wing 
balance which could meet both static and dynamic conditions. Maximum stress 
at the gages of 10,000 psi was the design criteria. Location of this balance 
was severely constrained by the 19-OTS model fuselage design which was utilized 
for valving, metering, and combusting Oj and Ho. The only practical approach 
was to locate the balance in the volume originally used for wing attachment. 

A single point mass was used to represent the wing, and the balance was 
analyzed as a simple cantilever. The resulting design is sketched in Fig. 10. 

A prototype balance was built, gaged, and calibrated at MSFC. An aluminum wing 
approximating the 19-OTS wing was also built. The combined prototype balance 
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and simulated wing were tested for dynamic response, by hanging a weight at 
the estimated c.p. and then suddenly removing it. Response was satisfactory. 
Thus, the wing balance design capabilities have been demonstrated. 

A deflection analysis of this balance indicates an angular deflection 
less than 0.1°. Such motion would mean about 0.0T5 in. tip deflection. 

4.2 Elevon Flexures - The eleven flexures are intended to measure hinge 
moments. As with the wing balance, it would be important to precisely measure 
the difference in plume-on .and plume-off hinge moments; these differences were 
estimated to be as much as 30% of maximum expected plume- off levels. 

For elevon flexure design loads, data were used from Tests IA93 and IA135 
as developed in Ref. 32. Inspection of these data did not clearly indicate 
which conditions might be critical. The main reason was that high confidence 
could not be placed in the elevon c.p. locations. To define the design loads, 
an envelope of loading cases was developed for all conditions of M = 0.9 - 1.25, 
a = -4° 0° at Schedule 6 deflection angles (Fig. 8) for each elevon: inboard 

and outboard. The hinge moments in these envelopes were taken from Test IA93 
data, increased by 30% to account for expected differences in plume-on to plume- 
off. The longitudinal c.p. locations were taken from Ref. 32. From inspec- 
tion of these envelopes, three extreme cases were selected for each elevon. 

To estimate the lateral c.p. location, the Test IA135 data were integrated for 
the same conditions. The resulting locations were close to the respective c.g. 
locations. These selected cases are shown in Fig. 11. 
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Eleven mass properties were obtained as for the wing by approximating 
the elevens defined' on RI Drawing SS-H01620, 4/12/76, by trapezoidal prisms. 
These mass properties and loads were used to design eleven flexures which 
could meet both static and dynamic conditions. It was desired to have each 
flexure be full span for the respective elevon to obviate any gap sealing 
problem, while achieving approximately 10,000 psi stress in the flexure to 
ensure adequate strain gage output. It was found that thickness of .030 - 
.032 in. were satisfactory for the static load situation. A dynamic analysis 
was then performed for a limited number of candidate designs for the Fig. 11 
loading cases using the NASTRAN code. The dynamic analysis used a 2 msec 
ramp function (based on Ref. 24), and a structural damping coefficient of 1% 
of critical. The response characteristics were acceptable and the resulting 
flexure designs are sketched in Fig. 12. 



Material: Stainless Steel 


^ 

Inboard 

Outboard 

Thickness, inches 

Max. Bending Deflection, deg. 

Max. Torsional Deflection, deg. 

.032 

0.5 

2 X lo'*" 

.030 

0.4 

7 X 10‘ 


Fig. 12 Elevon Flexures 
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4.3 Other Instrumentation - The 19-OTS model has several surface pressure 
ports which might be of some interest to the FAl7.test, plus instrumentation 
to monitor the plume simulation equipment. Sixteen thermocouples are pro- 
vided to monitor the temperature of the piezoelectric pressure transducers, 
Valcor valve cavity, charge tube gases, and SRB propellants, Table 4. 

Piezoelectric pressure transducers are connected to the 33 surface pres- 
sure ports used for plume-on test data plus the 7 plume simulation monitoring 
ports. These transducers are mounted inside the model. Each transducer is 
compensated for acceleration and has a heat shield to minimize temperature and 
radiation effects. These piezoelectric transducers operate in a differential 
mode as opposed to an absolute pressure mode, and thus require a reference 
(plume-off, steady-state) pressure. For the 33 model surface pressure ports 
there are 17 reference surface pressure ports, which are connected by 0.095 
in. i.d. tubing to a single, conventional stain-gage diaphragm pressure trans- 
ducer through a scanning valve, located outside the wind tunnel. The two 
transducers monitoring SRB are referenced to the pre-fire pressure of the 
ethylene-oxygen ignition gas mixture. For the other five monitoring transducers, 
the pre-fire reference pressures are so small relative to operational plume-on 
pressures that they may be neglected. The pressure transducers are summarized 
in Table 5, and their locations are sketched in Fig, 13. 


TABLE 4 THERMOCOUPLES 


No. 

Location 

1 Mil ■' n.i ,1 

Type 

601 

Orbiter base heat shield (attached) 

Chrome! -A1 umel 

602 

Orbiter base heat shield 



603 

Orbiter base heat shield 



604 

ET base cavity 



605 

ET base cavity 



606 

Left OMS pod 



607 

Right OMS pod 



608 

Valcor valve cavity 



609 

Valcor valve cavity 



610 

Hydrogen charge tube 

Iron Constantan, "Type U" 

611 

Oxygen charge tube 


612 

Left SRB shroud 

Chromel -A1 umel 

613 

Right SRB shroud 


614 

Left-hand SRB Propellant 

Chromel -A1 umel* 

615 

Right-hand SRB Propellant 


- 

616 

Venturi Housing 

Chrome 

1 - A1 umel 


* Iron Constantan '’Type 0" if the CRUCIFORM propellant holders are used. 
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TABLE 5 PRESSURE TRANSDUCERS 



Piezoelectric Pressure Transducer 

Reference 

Thermocouple Id. No. 







• . 

Item 

Location 


Id. 

r f CO 

Id. 

ou r c 

No. 

nor ue'ceriinmng 

Range 

Transducer Temperature 



(psid) 

No. 



(See Table 4) 







HI 

Orbiter Fuselage (L) 

2 

■B 


616 






HIShHI 

Avg. of 601 - 603 


Body Flap - Top 



■M 

508 



4 

Body Flap - Bottom 




503 



5 

Body Flap - T. E. 



mm 

504 



6 

OMS Pod Base (L) 



140 

505 

606 

7 



141 





8 




142 

5C 

16 



9 

OMS Pod Side (R) 



mm 


)7 

607 

10 




■■ 

1 




11 

Orbiter Base Heat Shield 




508 

Avg. of 601 - 603 





BsB 

509 



mam 





510 



14 




■19 

509 



15 




149 

51 

1 



16 




150 





17 




151 





18 




152 

51 

2 



19 




153 





20 




154 

508 



21 




155 

509 



22 




156 

508 



23 




157 

509 



24 




158 





25 

SSME Nozzle (#1) 

10 

159 

5‘ 

3 



26 

(#2) 



160 





27 

(#3) 


f 

161 





28 

ET Base 

2 

234 

HH 

Avg. of 604, 605 

29 




235 




30 




236 

516 



31 

SRB L. Shroud 

1 

0 

323 

517 

6 

2 

32 

L, Nozzle 



324 

Not 

Req'd. 

1 


33 

R. Nozzle 


' 

325 


6 

3 

II 

SRB Pc (L) 
fR) 

100 

f 

701 

702 

jigni 

tion Gas 

Pressure 


mm 

Venturi O 2 

500 

0 

703 

Neg 

igible 



37 

H2 . 


. 

704 




38 

Injector O 2 



705 





39 

H2 



706 





40 

SSME Pc 


1 

700 


I 
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5. TEST OPERATIONS 

There are a variety of operations associated with this test whose needs 
sometimes conflict: safety in handling the various potentially hazardous 

materials used in plume simulation; quality of data especially in precise 
synchronization of the five exhausts and in well -calibrated instrumentation, 
and productivity in conducting the program with a minimum amount of test site 
occupancy. The ability to achieve the first two items has been demonstrated 
on each previous test using the 19-OTS model, but high productivity has not 
been shown. Operational details of the IH-39 test are presented in Ref. 33. 

Pending final negotiations with a suitable wind tunnel, it is expected 
that equipment for this test will be supplied as follows. NASA-MSFC (either 
directly or through a contractor) will furnish the required number of piezo- 
electric pressure transducers with power supplies, thermocouples, and all 
wiring within the model. The wind tunnel will furnish scanning valves and 
transducers for the reference static pressures, an angle of attack indicator, 
and wiring from the model sting to the control room. 

5.1 Test Conditions - Values of the various test parameters have been selected 
to cover a limited parametric investigation of the flight regime critical to 
plume simulation for power-on aerodynamic considerations. The transonic Mach 
number range for ascent along a nominal KSC ascent flight profile was selected. 
Table 6. The 19-OTS model is limited in SSME P^ to approximately one-half 

TABLE 6 SSLV FLIGHT CONDITIONS 
Per Ref. 32 - Mission 1 (Launch from KSC at 28.5°) 


FI ight 
Condition 

M 

00 

0.9 

1.0 

1.2 

1 .4 

Altitude (ft.) 

19,018 

23,073 

31 ,243 

38,059 


>fa) 

1047.3 

893.4 

631.7 

462.1 

Pt. 


1771.2 

1691.1 

1531.8 

1470.7 



593.8 

625.4 

636.8 

634.0 

Re„ (10 /■ 

Ft.) 

4.6 

4.8 

5.0 

5.1 

PcssME 

3000 — 






^560 

=^540 

=540 

=560 
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of flight values, so to maintain P^/P^ in test equal to the flight ratio, 
tunnel pressures were selected to be one-half of flight, Table 7. Values 
of angle of attack were selected to cover the expected flight range, but 
use of the wing balance must be limited, as discussed above, Section 4.1. 

To encompass the desired range of Mach number and angle of attack, while 
keeping the total program to a practical level, eleven deflection angles 
were generally limited to nominal values. Both SSME and SRB were absolutely 
limited to nominal values. The total program is summarized in Table 7. 

5.2 Procedures - There are several categories of procedures involved: 
instruinv^ntation calibration, plume simulation equipment activities, data 
acquisition, normal run sequence, and abort/malfunction sequence. The latest 
integration of these functional procedures into a comprehensive sequence of 
steps is shown in the Appendix, Test IH-39 Checklist. 

The piezoelectric pressure transducers will need to be calibrated at a 
series of discrete operating temperatures before installation in the model, 
to define the change of millivolt output with pressure, at each specified 
temperature. Low range transducers used for model surface pressure measure- 
ment should be calibrated at 75°F, T00°F, and 125°F. High range transducers 
used to monitor the propulsion simulation equipment should be calibrated at 
100°F and 200°F. The electronicoutput of these piezoelectric transducers 
vanish under a continuous pressure, so it is necessary to use a device which 
applies a step pressure load and use the resulting instantaneous output values 
in the calibration. The conventional strain-gage pressure transducer used for 
plume-off steady-state reference pressures can be calibrated for room temper- 
ature operation. The wing and elevon balances will need to be calibrated before 
installation on the nradel . Additionally, frequent checks should be made during 
the test to verify that the primary calibration has not shifted for any reason. 
Special jigs/fixtures will need to be provided to facilitate these check cal- 
ibrations . 

To preclude damage from exposure to the elevated temperature of the con- 
tinuous tunnel airstream, the piezoelectric transducers should be cooled to 
approximately 80°F and the SRB propellant and Valcor valve cavity to approxi- 
mately 100°F, using GN^ as coolant. Cooling lines for the piezoelectric trans- 
ducers are routed to the SRB shrouds, the ET base cavity, the orbiter base, and 
the QMS pods. Cooling to these areas should be used while the tunnel is operating 
except when the test data are being recorded during model firing. 


TABLE 7. TEST CONDITIONS 
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(psfa) 
Pt^ (psfa) 

q„” . (psfa) 

Re^ 00 /ft) 

Pr (psia) 

^SSME 

PcsRB (psia) 



M 

00 

0.9 

1 .0 

1.2 

1.4 

523.6 

446.7 

315.9 

231 .0 

885.6 

845.6 

765.9 

735.4 

296.9 

312.7 

318.4 

317.0 

2.3 

2.4 

2.5 

2.5 









=^280 

^270 

^270 

=^280 

Nom. 6 

e 

Nom. 6 

e 

Nom. 6 

e 

Nom. 6 

e 

Addl. 6^ 
e 


Addl. 6^ 
e 


Nom. 6^ 

Nom. 6^ 

Nom. 5 

e 

Nom. 

e 

Nom.. 5 

e 

Nom. 5^ 
0 

Nom. S 

e 

Nom. 6 

e 


2®(D,© Nom. 6 


Nom. 6 



Nom. 5, 


Nom. 5. 



+ one repeat point (to be cietermined) 

+ allowance for one misfire 

Nom. 6g = nominal value of elevon deflection angle, 
either: t Schedule 6, or 

• Any update to Schedule 6, or 

• Value selected from resulted of Test IA119 

Addl .• 6^ = an additional value of 6p./de^ 
e 6-]' 

Without wing balance. 

Without elevon balances. 
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Activities related to the plume simulation equipment begin with loading 
solid propellant into the SRB's. Pyrotechnic igniters for SRB's and SSME are 
installed. Completion of the pre-run checklist will verify readiness of model 
fuel and control systems, model configuration, and instrumentation. Then the 
tunnel may be closed and pumped down with the model at a = 0 ° and 6 N 2 model 
instrumentation cooling initiated. Start the tunnel and obtain desired con- 
ditions; during this time, pressurize the autovalve charge tubes, and make any 
needed timing ajustments to the firing sequence control panel. If the charge 
tube gas temperatures vary significantly during this period, the charge tube 
pressures must be adjusted so that the fixed-geometry venturis will maintain 
the desired 0/F = 6.0. Adjust model angle of attack as required. Verify that 
fuel, control, and recording systems are correctly adjusted and operating. 

When affirmative, cease cooling to the model and charge the SRB's with ethylene 
and oxygen. Operate the firing button. The firing sequence control panel will 
be used to control the SSME and SRB flows. The steady plume-on SSME flow will 
be limited to about 55 msec maximum to preclude deleterious nozzle heating. 

(This setting will produce a total SSME flow time of approximately 65 msec.). 

The steady plume-on SRB flow time will nominally be 100 msec for a nominal 
propellant thickness of 0.050 in. Due to the time required to reach steady 
plume-on conditions, the SRB flow will always be initiated before the SSME flow. 
All of these times are preset -into the control panel, so operating the firing 
button activates each item at the proper time, including recording data. After 
the firing, resume model cooling, shut off recording equipment as appropriate, 

and set the model to a = 0 ° for tunnel shutdown. 

In the event of an aborted run or a malfunction in the plume simulation 

equipment, detailed procedures of the Appendix should be followed. 

Data acquisition will be performed at five time periods; 


1. Just before closing the tunnel 

2. Just before firing the motors 

3. During the motor firing - plume on 

4. Just after firing the motors 

5. Just after opening the tunnel 


(ambient pre-fire call) 
(tunnel pre-fire call) 

(tunnel post-fire call) 
(ambient post-fire call) 


Four of these periods are for plume-off conditions, and all channels will 
be recorded. For the plume-on condition, only the wing balance, eleven balances, 
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base surface pressures and plume simulation monitoring ports (measured by 
piezoelectric transducers), plus events, will be recorded. The plume-off 
data will be recorded on digital encoding equipment, and the plume-on data 
onto an analog type system as a function of time. Table 8 summarizes the 
data acquisition process. 

There are some photographic procedures involved. Installation photographs 
of each test setup are required. Photographs of the model assembly, components, 
instrumentation, etc., will be taken upon request of the responsible test 
engineer. Close-up photographs of the model instrumentation are required. 

High speed Schlieren movies are required for each run. The primary interest 
is the flow field generated by the model plumes and boundary layer separation 
induced by the model plumes. 

TABLE 8. DATA ACQUISITION SUMMARY 


Id. 

Recording Device 

Data 

Quantity of 
channel s 

1 

Analog Tape System 

Model Surface Pressures (Piezoelectric) 

33 

2 


Propulsion Simulation Operating Pressure 

7 

3 


Autovalve Potentiometer Position 

1 

4 


.Events (4) 

18 

5 

Digital Encoder 

Model Reference Pressures 

17 

6 


Thermocouples 

16 

7 


Fuel System Pressures 

13 

8 


Tunnel Configuration Parameters 

To be 

flpt.prminpH . 

9 

Visicorders 

Propulsion Simulation Operating Pressures 
(same as Id. No. 2 above) 

7 

10 


Propulsion Simulation Operating Events: 

8 



Ignite SRB's 
Autovalve Opening 
Autovalve Closing - Primary 
Autovalve Closing - Redundant 



32 



F3 e: N/l "7“ ^ O HH I rv| O- 


RM 024-1 


5.3 Data Reduction and Presentation - Data from the wing and elevon balances 
will need special handling because these devices will not reach steady state 
operation during the time of plume simulation. Instead, their output data 
history will be a lightly-damped sinusoidal function, Fig. 14. The elevon 
balance is expected to require approximately 400 msec for oscillations to 
damp to about 5-1', and approximately 600 msec to damp to about 1", while plume 
simulation will be limited to about 55 msec. However, the balance dynamics 
are predicted to cover several cycles during plume simulation. A suitable 
approximation to the steady state value that would result if the plume 
simulation could be maintained for a long duration can be obtained from: 


steady state ^ 


Ha(E, 


max 


+ E 


max 


i+1 


) + E, 


iinn 


( 1 ) 


where E is the individual balance output term. Per the methods of Ref. 34 
for damping equal to 1/T of critical, the result given by Equation 1 differs 



Fig. 14 Balance Data Output 
33 
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from the exact solution by only about 0.02^. To minimize random experimental 
effects, the several values obtained at different i's would be averaged for 
either the entire plume duration or for a time interval to be decided for each 
run by the test engineer after inspection of the Vi si corder output. 

Data from the model pressure instrumentation recorded as functions of 
time will be reduced to a single value (per parameter), as averaged over a 
specified time interval. This interval will be decided for each run by the 
test engineer after inspection of the Visicorder output. Operations for the 
pressures are detailed below. 

The 7 propulsion simulation operating pressures and the 33 model surface 
pressures recorded as functions of time on analog tape are to be reduced using 
Equation 2: 

+ Pr 


AE(t) 


P(t) = 


GAIN 


S 


( 2 ) 


where AE(t) = Voltage drop measured' by the recording system at time, t; 

GAIN = net gain of the electronic system between the sensor and 
recording system; 

S = transducer sensitivity; 

Pr = steady state plume-off reference pressure. 


The steady state plume-off reference pressure, Pr, is to be reduced using 
standard test site methods and presented in engineering units. Tables listed 
the reference pressure to be used with each piezoelectric transducer. The 
piezoelectric transducer sensitivity to temperature, S, used in Equation 2 will 
be determined by the transducer temperature. The temperature of the high range 
transducers monitoring propulsion simulation operation will be assumed identical 
to the tunnel freestream total temperature. Calibration sensitivities will be 
available at 100°F and 200®F. The temperature of the low range transducers 
measuring base pressures will be determined by surrounding thermocouples. A 
transducer/thermocouple correlation was given in Tables. Calibration sensi- 
tivities will be available at 75°F, lOO'^F, and 125°F. To select a sensitivity 
for Equation 2, assume a linear variation between calibration temperatures . 

There will be a variety of different types of electronic circuitry used 
to link the model instrumentation (piezoelectric transducers) to the analog 
tape recording system. To obtain a true response from each model sensor, the 
output voltage signals must be corrected to account for the different time con- 
stant of each sensor electronic circuit. Voltage output signals are to be 
corrected using Equation 3: 

Li 
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where AEc = corrected voltage; 

■ AE = actual voltage output at time, t; 

t = time at which the voltage is being corrected; 
n = the number of time intervals from 0 to t; 

At = t/n = time interval at which voltages are recorded 
(At = 0.4 msec); 

X = circuit time constant. 

From Equation 3, the corrected voltage at any time, t^, is a function of the 
voltage output at that time, tr,, and the corrected voltage at the previous 
data point, tp„^. 

The presentation of reduced data shall be in three categories: header 

data, raw dynamic data, and reduced data. Header data shall be listed with 
the reduced dynamic data for each run and shall consist of tunnel operating 
conditions evaluated just before model firing, model configuration data, 
and facility data. Raw dynamic data will be primarily be Visicorder traces 
but may also include tabulated- data. Reduced data will include tabulated 
steady state data plus both tabulated and plotted dynamic data. Table 9 
summarizes the data presentation. It is desired to be able to tabulate any 
of the dynamic data vs. time at any point during the test as required. 

The availability of data should be as follows. Visicorder data should 
be provided immediately after the run. Digital encoded data should be pro- 
vided for immediate playback in the control room. Selected analog tape 
channels shall be played back on Visicorders immediately after the run. Data 
on the analog tape should be reduced and provided in tabulated form 24 hours 
after the run. All header data should be listed with tabulated data 24 hours 
after the run. Plotted data should be provided one week after the run. There 
need not be a data tape for DATAMAN for this test. Two complete copies of the 
data will be required: one for the test engineer and one for NASA-MSFC. One 

extra copy of the summarized data will also be required for the test engineer. 
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TABLE 9 DATA PRESENTATION SUMMARY 
HEADER DATA 


Tunnel operating conditions 

1. stagnation pressure (psfa) 

2. static pressure (psfa) 

3. dynamic pressure (psf) 

4. model altitude wt.) 

5. Reynolds number (ft. ) 

6. stagnation temperature (°R) 

7. static temperature (°R) 

8. density (slugs/ft.) 

9. Mach number 

Model configuration 

1. angle of attack (deg.) 

2. eleven deflection (deg.) 

Facility 

1. facility 

2. facility test number 

3. model number (19-OTS) 

4. Shuttle test number (FA17) 

5. run number 

6. date 


RAW DYNAMIC DATA 


Propulsion simulation operating transducers 

mV vs. time (Visicorder) 

Propulsion simulation operating eVents 

(Visicorder) 

Selected model surface transducers 

(Analog tape) 

Wing and eleven balances 

(Analog tape) 

Selected piezoelectric transducers ) a 

mV vs. time (tabulated) 

Wing and elevon balances ^ ^ 

mV vs. time (tabulated) 


/K At the request of the test project engineer 


REDUCED DATA 


Steady State 

Tabulated 

Thermocouples (°F and °C) 

Reference pressures (psia) 

Dynamic 

Tabulated/^ 

Propul. sim. op. pressures (psia) 

Model surface pressures (psia) 

Balance loads (C[\j, Cjm* Chm) 

Dynamic 

Plotted 
vs. time 

Propul. sim. op. pressures (psia) 

Model surface pressures (psia) 

Balance loads (Cm, Cbm, ^TM’ Chm) 

Temperatures (°F) 


/2\ Corresponding to the specified time interval. 
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10X10 SWT SPACE shuttle CHECK LIST 


5£Ad£ shuttle £££-£iJ6f £hi££tl L15I 


(TTO PE riEFINFD BY PFSEAPCH EE'CINEEP, 
SEE MnOEl. SET-UP SHEET! 


COMTBACTnP. PERSOMMEl TH COMPLETE THIS 
PORTinM OF THE CHECK LIST 


MHOEL SET-UP sheet COMPleTF 


PERMISSIVE keys for firing PANEL AND GAS 
SYSTFMS TC BE IN PnCESSIOM HE MECHANIC 
COMP I FT I MG CHECK LIST 


CALSPAN FIRING PANEL KEY 


SOLENPin MASTER PnWEP KEY 


TUNNEL nnOR SHORT IMG KEY 


enter test SECTION AND INSTALL GAS 
TENPFRATUPE PPPBE COVERS (IF APPLICABLE! 


USING camel hair ARTIST BRUSH, CAREFULLY 
CLEAN HEAT TRANSFER GAGES WITH CDBEHN 


INSPECT TEST SECTION {REMOVE OEPPIS AND 
WASTE MATERIALS. SERVICE EOUIPNRNT AND 
TOOLS EXCEPT THOSE NEEPED TC LCAD IGNITERS 
AND BSPM SOLID PROPELLANT) 


FINAL CCNF IRMAf ION OF MODEL CONFIGURATIOM 


SSME ENGINE TYPO AND GIMBAL ANGLES 


BSRM ENGINE GIMBAL ANGIES 


FLEVON ancle 


GAS temperature PPOBFS 


MEAT TPAMSFF'J gage cleanliness 


‘EOHAflCS DOING THIS portion OF CHFCK (WHERE PROPELLANT 
AND IGNITERS ARE INSTALLCni MUST WEAR LEG STATS 
AN(' EACF SHIELDS 


CH 


ORIGINAK PAGE Hi 
m POOR QUALrra 


PAGE 




10X10 SWT SPACE SHUTTLE CHECK LIST 



INSTALL SOLID PROPEL! ANT WITHIN BSR" 

HOUSING AND CONNECT T7CS' > 

.... REMOVE GAS TFMPCRATURE -PROBE COVERS ' ’ 

I ,.i applicable. I - - 

CONOUCT STPAY VOLTAGE CHECK p: IGNITEP . , i 

CONNECT IMG WIPES 

TRIM IGNITER LEADS •- 

. r INSTALL rGNITElT iNfn’n?BTfFR CONPUSTION 

CHAMBER AND BSRM IGNITERS INTO END OF . 

PRORELLANT HOLDER INSERT 

REMOVF ir>llTFR SHOPT FROM IGNITER LEADS 

". r,' 7T .T.T'" INsVTlT'TG^Hf^T^^1h^I^E leads oiriGNithR^ 

.... .... INSTAI L OP^ITFR ignitor COVER AND PSPM NOSE | 

PIFCFS 

. .. EXIT TEST JFCTI ON V^ITH RPMAININC TOOLS . i. — 

AND SERVICE FQUIPMFNr' 

.... confirm gas TEMPERATURE PROpF CrMTINUlTY ^ - - — 

FROM ntlTSIDE OF TEST SECTION <IF APPLICABLE! 

NASA PERSnMNFL_TO COMPLETE THE REMAINDER 
pE'th'f CHECK LIST 

VERIFY TFST section SCHLIEP. FN WINDOWS ARF 

CLEAN ! 

TFST SFCTICN TO BE CLFAPED AND lOCKEP _ _ I 

BEFPPF PRor/FEDING ’ with CHECK LIST ' ^ I 

after LOCKING TEST SECTIOM, INSERT TUMI'FL 

DDDR SHORTING KEY AND TURN 'ON* 

... confirm CARDOX SYSTFM ‘ON' IN CDHTPOL POCM 

(KEY SWITCH) 

.... CHFCK CARDOX SYSTEM SUPPLY TANK LEVFL 
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PAGE 5 

lOXlO SHT S"Ar_F "JHIJTrUE CHECK LIST 


i£I iJP Gil2 L£LL13^ -SX5IIM 

on TO AREA np GM 2 A^'^) fjp TPAtLFPS AHn VPPIFY FLFX 

HOSF CnN’'JFCTrNG LN2 AMO GN2 TRAILERS IS U' 
PLACFA''jn THAT PIPING Cr’'INEr T 1 MG THF LN2 
TRAI1.FR Tn'fHE’eUILOING IS PPEIPERLY CnMMFCTEn 

CriMFIRH PNA3 PFAnS APPROX. 60 PSHFUEL HOUSE) 

.... COMFIRM PN/t4 RFACS approx. 30 PS'lIFUFL HOUSF) 

. ,. . . *npFMi p^j3i p,Y FNFPGI7. iuG PH3R FRCM CONfRct RrO'-i’"' 

.... 'OPPU* VALVF PN3C ON TURF tpailFR TO ‘plEFO’ 
POSITION 

LEAVE ARFA FOP. AT LEAST TMO MINUTES TF 

Al.Lnw SYSTEM TO rnME TO FiJi.1 PPESSURF 

RPrcPO TURF TRAILFR SUPP'LY PRESSURE (PNOP) 

ISHOULO PF 300 PSI MIN.) 


_ ,P^J0'5= ^ PSI __ _ 

'OPEN' PM 30 FULLY 

.... 'OPEN* PM 10 ANO DN1.7 

' r.p CM . p,j 1 1 rn j, S _qEG^RE.E__POS I T I ON ( HA L F OPEN 1 

.. . . RECORO rnnj_ iNG SYSTEM PRFSSIJRP (PNIS) 
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10X10 SWT SPACE SHUTTLE CHECK LIST 


U£ SXSIIIiS CIi 1D£ Qf TEST. Si CliDM 
E&HE £hJl£LDS AEE II! £E HIEt! 

.... rOMFlRM GRCUNOtMG CLIPS ON BOTTLE REGULATORS 

~ .,r ^ CONFIRM ALL BLEED VALVES ‘CLnSEn' 

10X17, 0X20, ETOA, DX3A,PN5A, 

HY17, HY20, HY27, CM30, CN31, CM351 


TURN 'ON' PANEL pan ON ?M 


ID SEI U£ £DX ADD GU2 £DIIL£i iOXQl AND NIDli 

.... 'nPEM' hand valves 0X02 AND HY02 ON BOTTLES 
AMD NOTE REGULATOR INLET PRESSURE 
IDX03_AND_iiy03). 


GDX= RS! 

GH2= PSI 


IE AHY POTTLE PRESSURE IS LESS THAN 1000 PSI 
RRpLArE WITH NEW POTTLE USING STANDARD PROCEDURES. 

1= GH2 BOTTLE CHANGE I S ^PEQUl P ED , . COM DUC T_THE 

FOLLOWING PROCEOUPE AFTER GH2 BOTTLE IS IN PLACF 


PMIB^ PSI 

IF FN15 IS MOT J.Sn PSI, ADJUST FROM PNF7 ON 
TOP r>F t = st SPcflOM" ■ 

COMFIPM noERATIOM of PN33 BY CYGLIMG VALVF WITH 
pf‘37 ANn VISUAL INSPECTION AT TP.AUE'-R 

TURN 'ON* FOUR ROnF_VENT..F.ANS 


WITH NEW BOTTLES IN PLACE: 

. . . „,C0NF_IPm,.HY05 , AND HY17 'CLDSED'.. 

... CONFIRM VACUUM SOURCE CONNECTED TO HY22 
... TURN 'ON-' VACUUM PUMP 

... 'DPEM* HY22 ... - 

... LEAVF VACUUM SOURCE ON FOR 2 MIfJUTFS 

.... 'CLnSF' HY22 ^ 

3 

... lURN 'OFF' VACUUM PUMP . .. ^ 

DO 


I 


. 'I 


it 


•H 


V- 


Jt 



pRIGINAli PAGE 
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inXlO SWT SPflCF- SHIITTI.F ThECK LIST 


PESPI'n MEW POTTLE PPFSSUOES: 


GnK=_ 


GH2=, 


PSI 


_PSI 


£RQL££Q HUH £U£Ci< LiSI 


. . . . COnfIR'I PEGULATOR nxo^ SET TP MAX. OUTLET PRESSURE 
AUn HYOT S^T TP 500 PSI 'MO. OUTl ET PRESSURE 

.... CnUFIRM SPLENf-lP COP'Lt''JG WATER 'Om* 

...._ VERIFY. SAOl •P'PEU' . _ 

.... CC'ipIPM P.nosTFR PijMp PRIVE PRESSURE 
SA03. I NEAR RRIOGF) 

SA03 = (_, IPSIG 

.... >OPFM> SAi'o -~presmjrf Switch purge 
verify PNOl •OPE*'!’ - nitrogen purge 

CnoFiRM po.PSSURF OM PN03 IGH? PURGE) 

GAGR = 150 PSIG miNIMU't 

ID ££I U£ high P££SSU££ QU2 SQIXLfs £N!11 AEID £Eai 
( USE GLOVES FOP THIS OPFRATIOM I 

•nPFM* CN02 ^AUn CM12 ANO NOTE PEGULATEIP 
USLET PPFSSUHF 

G rX>R=: PSI 

rN13= PSI 


tlF PRFSSUPP IT GN? ROTTLFS IS IFSS THAN 3500 PSI* 
pFPLAEE WITH T t W ROTrLF) 

RFfOpn OUTIFT PPFSSURFS OF REGULATORS CNC3 A'lP GN 13 
= PSI CN13 = PSI. 
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10X10 SWT SR AGE SHUTTLE GHECK LIST 

££I U£ l&HiliQti £55 5iil5I£a 
ALL R.ECULATOP.S ARE pRE-SET: ’PO tiOT • ADJUST! 


•O^’EM’ FTO? AND OXRR - OnTTLF MANO VALVES 

HFCOP.D FT03 AND 0X33 INLET AND VERIFY OUTLET 
PRESSURES. 


ft 03 1 IM). 


.PSI nX33IlN1. 


FT03<0UT 


.PSI nx33(0UT), 


—PSI. 

-_PSI 


I FT ET ..PRF5SUPF TO .ITF. 30Q..PJ;JJ3INIMUM 

Sfi UE iGTllIiON G55 aUfEER SIS1££ 

(P.EGULATGR PFF-SFt: « pn not* ADJUST) 

.. J0PF.N’.,P.051 PO TTL E HAND VALVE 

.... P-EGORD PN52 INLFT.AND VERIFY OUTLET PRESSURE 

rtvG2 (IN) PS I PN5P I OUT ) PS I 

U.NLET .PRi’sSUPE.,TO RE,. 200 PSI MINIMU'^1 

LOAO HIGH SPFFD FILn (PREPARE CAMERA AND 

SCHLIERFN SYSTEM fqr RUN) 

INSTALL BARRir.Anr-s ON ALL FOUR STEPS 

LEAPING TO TUNNEL . TURN MlEF^l FVATOR 
' SWT TCH AMO tag out. 


£N£ OF ACIlitlllfi Di) iQf QF lESI S££IiD£ 


G'’03 


CN13 


RM 024t1 


IT^in SWT <;P'irr ';HUTT! p ruFfK LIST 


L£IlJUi!il!J2 Ca ^UiliPLI S.U1 ILDUL'ALL 

. ASSU'sr THAT rw? A'jn CHL2 AP.P PPTfJ 

AdTI^iIiE.5 JJJ ''ULIIEOL E,GnH 

TD~Si.T UP tUGa“£2£jiJiUE'Z L2tiX£CL QAl SY^Tfy 

.... VFP irv .'.UTPVALVT Tf TLrSFn* Pnsmpff. IF 
AUr^VALVF IS ’ •■('TT rLHSEO* ,S.fp pfstapCh 
FL"T 0. (THrPF IS A TPr IM THF •CLOSIfR' 
rOHinPi L I’'IF nnwuSTPEAH nr CHI';. A G'!2 
r-BPTTLF \,lTw ppf^SIUPF RTODLATfn TC APCUt 
SOG PSI TO PF Cn'C.FCTFn NFPF Af;P 
ppcsc'TPP APPi jPn ipiTii ahtpvaivE CLnSFS.l 

rrciFIP” All. SWITCHES Tn left FYCFPT PM3S 

.... rHYA; n>i SHLP»:r'in pnwFP jPFY SWITCH) 

'npPM' TMIS Tn supply 3000 PS| CM2 TO 
Cl"StMr, UALCrP vnnFL riPiLO VALVE 

VFPiry rin.i ph? ppfsSHpf AT Ca|1 p 

I^p HfLOPl SPf-ijP SHFFT Aon PF-APJIIST AS PFOHIREO ) 

.... r.^'ITIPH API' SWITCHFS 'nFT ’ 00 CAI.SPAO FIPIHG 
PA or I innwH) 

F'H.Pr, IFF r I PI 00 P^^'FL 

.... tiPOSH'i MiJ'ijAL 'CI.OSF' BUTTn’l no ripjor, 

PAOFl, 

.... .nF-F’iFPOIZc F I” lt!0 PAMFl 

.... ' rL-^SF ' ’ 

'/rPlFY PPFSF'JPC AT CV2 2 = (1) 

12 ) I 3) PS I 

'ni>r' • roOS — Sni.ri'niO VAL VF 

VERITY AOn PtCORO COOP PPF 551 JPF I AMD TI'*F) = 

m ( ) (?) .! ) 

131 ___i ! ) 

FF vrOFL SFT-'IP SHrrT RFAOJMST AS pFOMIpfO ) 

.... 'rLOFf' OMPS 

.... •OPE''^’ n/os AMn HY05 

VCRiry PPFSsijPr AT DYOA Ht'D HYOf 



1 n/10 
VFP 


SUT SPATC rHipTlF rilFCK LIST 


IFV 7'f 15 ri. car I II5F P . A. ) 



C' o 
rs .Pi- 


P.l 
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10X10 SWT SPACF SHIITTLF CHCCK LIST 


verify «tike rnoE' ts wopkilo 

•nPEM* SAOA AND nvna (SAftE SWITCH) 

IILIIS a.rilCi! iilASXS Id£ CQX EUJiEl 

•nPFM» SAOR AA'D HYOP (SAMF SWITCH) 

ilUiS A£lIQy ilAPli TU£ CU 2 £Uil£l 


£Ci!Jina ijv 23 jiwn rjxil AND SliUI DEE £UMPS UU£li EEQUIEED 


flfctrohtcs check list th be COPPLETF 
OFFpR': Pir<P OnWM STARTS 


START TUrjHFL PlJMpnrwM 


CADOE SYSTEM 'OM' TO RFCOrD HT GAGE _ 
RFSISTADCFS AFTFP. BEGTMMIMG PUPP nCWf) 

CnriFIPM SCAMIVALVFS home 


WHEN THE TL'PNFL IS OPWN TG ARPUT 1000 PSFA, 
take a TATA CALL A‘jn RFCORT) THE MUMP EP, 


CTi 


7 . 


3 - 


COPT! HUE WITH CHECK LIST 


MOTIFY multiplex PFPplE IPAX 6133) THAT PIJN 
WILL START LM AR^PnXl maTFLY PNF HOUP 


10X10 SWT SPACE shuttle CHECK LIST 


12 S£T U£ 2!i!2 CQ3L1UG JSX5IE2 

CPUFTR’1 QX-ET transducer ISOLATION VALVE 
•CLCISFO* . 

CONFIRM CALSRAN firing panel ’OFF' 

sniFwoin PPWEP 'ON' in control room 

CONFIRM C.A. T/r SCANNER READOUT UNIT 'nN* 
AND VERIFY .ANSI FMT TEMPERATURES- - 

VERIFY TC-l READOUT 'PL" 

•OPEN* PN16 - NITROGEN PANEL 

•open* PN2A/20. - AND- 0X3a.-.-JGMlT.IDN PANEL . 

SET REGULATOR PN37 TO AP.OUT 10 PSI 
ON GAUGE PH3B. AOJtlST AS PEOUIPED TO KEEP 
MODEL r/C'S BETWEEN +A0 F AND +100 F 






a 


, Bi 
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iKs 


Pftr.F 1«. 

inxio SWT SPACF SHlirUF CHCCK LIST 


.... AS TUMMn IS rnyiNR HM Tn cnMniTinui r.o rn 

sent IPRFN SYSTFM AMD sight im HIQM spffo 

'inviF camera. 


■iiiiELi iuL'uiL ii ay icayaiiiaaix eecceeq miiu ecceL miyd 

JEE1IC.LCUEE 


.... SFr_MnnFL _Tn_PFOUt RFn_AMGij nF__ATTACK,, 

... CHECK CE'OP PRESSURE. IF PRFSSUPF HAS NUT 

nPUPPCD MHRF THAU 300 PSI . •PPPC‘=En*- 
IF p-jrssURR HAS OROPPEn finPF THAU PSI 

HOTIFY P.F. PUR, OFriSinu 

... .... .... FASrFK CaHfrA 'nN''ANn HIRRnp fM PnsiTiru 

. .. T.V. eights tiff* fpr data run, 

tfrmiuatf au. rnnciHG py Ci.CSIfG phis 

' AILFW ... S FC." Fnf GHZ TO Sl FFD DPWH ' 

IN PSRM Crrl.I^!G LIHES REFnoE taKI^'G DATA 
CALI 1 

CLDSE PHZA / R'tzo 

. SFT cnUFIGUPATi nu POTS 

. . . ..,f, CHFC>' AMPEIFIFR GAINS 


Hr- p; 
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PftGF I"? 

lOlflO SWT SPATF SHUTTLE rurr.K LIST 


•PPCNI nx-FT TPAMSrUCF'l ISOLATIPN' VALVE 

VERIFY PRAFU.'FSS ftLl TUNNEL AMD PATA 
RFFnPniNF SYSTEM'S 

•OfFM' CN?0 Aun ALL^W r.HAMBER 'F' TO VFNT 
USE CN?2 T>^ SFT PRESSUPF 
f SFE ‘'onFL SET UP SHEET FCP PRFSSUPES I 

FlPIun PAM FI ‘UN* 

AUTOVALVE Apt< inu* IFiRlNn PANEL) ' ' 

ARM IPNITERS (FIPTMC panel ) 

VFDirv ftqr ant 'opfli* — icnitiou 

PANEL 

■ nPFN* FTOS Ann nxTS TE> ESTABLISH IGNITIPM 
GA S El nw. 

rPMFtPM nx-ET TPANSnuCEP PEADS PSIA 

SEE setup SHEct peoUIRFD PPFSSUeF 

AnjLiSf rixAl OP Ftli jE PFOUIPEH ^ 

’CLNSF* nX-ET TP.ANSnuCFP ISOLATIPN VALVE 

cnr.FiEM SCAN! valves 

TAKE r.APUE riATA E.AU (TP PFCe*PO PPE-pUN 

nr p-age p es 1 ST Aur PS ) al'p rfcppp u'p'pfr 

1 . , 2 .. , 3 

FILTER SWITCHES IN 

PFCPRP FIMAI VALUES PE CNPfi , CM L IT , CM2? , tIV 1 3 r 
AMP E>xn F)N ‘•nnEL SFT UP SHEET. 

APJHST AS PFOtltPFn WITH ENGINFFP APPPOVAl 

VERIEY tip ING VPITAGFS ok 

whfk analpg prcnpoiur, ti'‘f counts dfwn to 

ii IL1£M n£P££SS, XH£ IGNlIiQM PUIIGLi CG lul 

FISlLiC MN£l 



PAGE 16 

lOXin SWT SPACE SHUTTIE CHECK LIST 


ACTIVATE CN19 JU'^PER PERMISSIVE SWITCH 

WITHIN ONF MINUTE APTER • IGNITION* PUTTON IS 

GEPPFSSFn. CO'ITINUF cooling by opening PN16 ^ 

INITEOGEN PANELI ANP PN2A/23 liC GAS P.ANELI . 

'CLOSE* FT05 AND OX3S i . 

confirm PN2A/2B 'ClOSEn* 

... .... .... CYCLE ..FIRING PANEL * OF F THEM BACK *0M* - 

... PUSH PMS3/55 nUTTfiN AMD ALLOW ET07 AND ' "i 

OXT7 TO SETTIF OUT TO PUPGF PPFSSU°E 
^j^ IIGNlTinM GAS PAN ELI 

AFTSP ET07..A.ND OX J7. HAVE. SETTLED OUT If!.. ... 

TUNNFL STATIC. PUSH PMG3/S5 BUTTON AGAIN 
TO pFCyCLF purge 

.... .... TURN POWER 'OFF* ON CalSPAN F I P I L'G PANEL ^ 

ANO VFRIEY AFH SWITCHES DOW'l ISAFFl : 

'CLOSE* FTOB ' 



*OPFN* PM2A/2P. FOR APDITIONAL COOLING FLOW 

... .... VERIFY .0X38. 'OPEN* — IStilTICN PANEL . ' 

Fii.TFP SWITCHES our ; 

CONEIRM SCAMIVALVES 'HOME* 

‘ »( 

TAKE DATA CALL AND .RECORD. MUMPER . . 

1 2 3. 

RFTURN MOnEL TO ZERO DEGREES ANGLE OF 

ATTACK (STRUT ANGLF - 3 DFORFFS) 

j.*... xxxx lUNNEL SHUIGDUN £p.C££DU££ MAY ££ INillAlfD 
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inxio SWT SPSrF SHIJTTLF CHEfK LIST 

HUEt; lUMUEL SyL'IEEWM is cnMPLF TED 
.... CntiFIPM SCflNIVALVES 'HaMp* 

.... TAKE DATA CALL ANn RFC'^Pn NUMREP 

1. , ?. , 3. 


CnriciR^A all arrows TP LFFT except RN35 SWITCH 
AND nXOS AND HYflS 


T^IITIATF TtJ^l^'EL VENT PAMS FPP 5 MINDTFS 
REFOPF ALLOW! aI 0 FA'TRY INTO TEST SECTION. 
(P.')Rr,E OF TUN'-IFL AFTER SOLID POCKET FIRING 
REDIJIRFS three “IM. of TUNNEL COOL IMG.) 

■powFp''nFF» TO ALL solenoids. 

OBTAIN APPROVAL TO FMTEP. TEST SECTION 
AFTER TUNNEL SHUTDOWN 

PERMISSIVF KEYS FOP 'ClplNG PAMfl*. AND 

SOLFMOiri master key" and TU^'^iFL onoR ' 

SHOFTING KEY IN POSSESION CE MECHANIC 
completing CHECK LIST 

VISUAILY INSPECT CONOitlON OF MORFL AND 
IMSTPUMENTATIOM FP.om PREVIOUS RUN; IMOTF 
IRREGULAR ITIFS ON RUN LOG) 

PFHOVF SPENT rr.NITEP.S AND fiSP.H PROPELLANT 
HOLOFr insert ASSEOPLIFS 

REFUPPISH MOOEL AMD SET IJP MODEL 

r.ONF iGURATiOMS for next RUn tSFE HChFL 

SET-UP SHFFT) if another. PUN IS PLANNEO 
FOR Ti-ns night, CONTINUF on page 9 FOR 
NEXT BU''. IF THIS WAS THE RINAL RUN nr 
thf "iomt, procffo with SHUTOOWM 


PAGE 


?.0 


lOXlO SWT space shuttle check list 
system shut down 

A.* ft ft ft ft ft ^ ft ft ^ ft ^ ^ ft ^ * ft * ^ ft ^ 


GO to top of test section and note bottle 

PRESSURF OF FACH SYSTEM 


— - r.nx =, 


,PSUnX03) GH2 = PSHHY03) 


IF ANY GOX np GH2 BOTTLE IS P.FLOW ICOD PS I , 
leave OpnEP.S FOP. FIRST SHIFT TO REPLACE AS 
PEOUIRED 

r.M2 = PSMCN03) GN2 = . . . PS I I CN 1 3 I 

(OPENING SYSTEM) LCLnSJNG. SYSTEM) 

IF ANY GM? ROTTLF is below 3500 PSl, LEAVE 
orders FOP FIRST SHIFT TO REPLACE AS REOUIRFD 


CHECK nx31 AND ETQl POTTLES 
R F D L A r F I F “b F L nw 200 P S T ' 


CHECK GM2 pOTTLFIRMBC) 
REPLACE IF BELOW 200 PSI 


'CLOSE' ALL BOTTLE SHUT-OFF VALVES (0X02, HY02, 
CMC?, CN12. 0X32, FT02, AND PM51) 

VENT ALL BOTTLE RFC, uLATOP-FUTER SECTIONS BY 

OPENINO HAN0_BLEFD valves .0X17 , _IIY 17, _ CM30, 

cmi, FTOA, PX3A, AMO PN5A 

BLEED PUMP SFCTIDMS BY OPENING HAND BLEED 
VALVES 0X20 AND HYPO 

.'.CLnSE* _ SAln (PRESSURE SWITCH PURGE) 

TURN 'ON* SOLENOID POWER 

WHFN 0XD6 AND HYOf> SHOW ATMOSPHERIC PPFS5UPE 
•CLOSE* 0X05 AND HY05 

TURN 'Orp' SPLFNOin pnwER 

'CinsE' PLFFD VALVES 0X17, HY17, CM30, CMBl, 
ETOA, n)C3A, nX20, HY20, ANn PK'5/, WHEN SECTION 
nn<; rntn DOWN 
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10X10 SVfT SP^'CF SHIJTTLF CH^ck LIST 
’CLOSE* HA^'^ VALVE PM^O AT TUBE TPAILFP 

•crnsF’ PA'in, pmu, amt pni 2 

fiLPFD PFFSSIIBE .IN. LINE .BY OPEN ING PA’OB 

•CLnsF’ PNog when PN09 INniCATES ATMOSPHERIC 
PRFSSU°P 

’CLOSE' PN31 BY DE-FN ERG I 7 I NG PN35 FROM 
rCNTROL ROOM 

SHUT TPE' CARonX SYSTEM 

IKFY SWITCH IN COUTPOL PnO'-*) 

VERIFY FI FfTRONirS SmiTDoWM COOPLETF 
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10X10 SVIT SPACE SHUTTLE CHEEK LIST 


cn 


PFTURN ALL unused IGNITFPS AND PROPELLANT TO 
EXPLOSIVPS STORAGE TPAILFP 


f. -t * * *1 1 ^ 

***#•*-.■"•* + ***<- *>11 !»,** *»»**!(><■* t-fcy- fr* 

PUO pc POST PUN PPOCEOURF •*** y- *♦**»* »*,^ ** 

•■i, *+*■#*'!♦•***; 

^ ^ y,- 


O O 
>:c; 


CD 

SS 


a® 





■ft i ->t/; t ^ t- irt i‘* *• 


^ftii 
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10X10 FWT SPACr '^MUTUF CHFrK I 1ST 



If a DLOJE 5 EEina ID LE.&V 1 UD IE 51 SEC T 1 r 'w' A R FA. 

US'" TKF FPLUnwiMO PRnCECL'PFS: 


pp»'r'/<- TrJ‘f'^L onop SHOPTIOO KFY, CLP-SF DFf ALL GAS 
s'^UPCcs AMo^ypor all dflp/fpv lih'^s rn atmosphepf 


!A) if this acTIP''J CAMSFS hTGHT'S npcpAxjpfj j-p pp 
> AAOpTCri, DFMOVF [nOlTFP.S AMO PS PM PPPPELLAMT 

p M'lirgPS AMO PFnjDM a(_L Uf'USFO rG'nTFPS AMO 

I PT"^PE1 LAOT TO EX PLOS rve TP AIL FP STHPAFf . 

I ('*) fP PIJM IS FO PF COMTIMUFO, PFTIJPK TO FJCST STEP op 

j IPPF-PIIM cUFFK LIST' AMO VFPIFY FOMpi ftIOM TF ALL 

Un 

[rvD 


[ 

{: 




PAGE 2A 

10X10 SWT SPACE SHUTTI.F CHECK LIST 



if i L'MEDITUON DQCDB5 AijEB' LLMIDC lui J15J'5£D1IDE 
AFFA AMf) PDIQP to PiJSHIMG THF 'FIRE' PUTTCH, USE THE 
toll OKI 'JG PP.nCFOUPF: 


VFPIFY MnrpL COOL I MG ' 

VFD.IFY PT05 AMC nX35 'CLnSFr* 

VFPIFY FIPIMG pamel PnwFP •r'FF' 

IF TUWf.'Fl. EMTRY is PFOUTPEO AfjO TUf'NFL HAS RFPf 
STAofPO, THF STAMOAPO TilL'MEL SHUT-COWM 
ppqrcrj.jPF WAY PF iMITlATFr/ 

ppnrppij WITH 'POST PiJtJ PPnCFoiJPE' ON PAF.E 17 TO 
POIMT OM page lo OF OBTAINIMG PEo"IS5IVF KFYS 
70 fijtfo rrsT SECT I no 


(A) IF this ACTin-' CAUSFS MIGHT'S npcpATIPM TO PF 
APnPTFo, PF‘‘nvF iGMiTFp'; amo psph ppnpFLLAMT 
MPLOEPS AMO CPMTIMIJF with 'POST PUH ppOCEOUPE*. 

fFi) IF Pij'! IS tf «F COMTIMUFO, pftupm lo ? IRST * stFf 0^ 
.ppr-PijM ri|Fr< list* AMO VEPIFy COMPLFTInl.’ OF ALL 
STEPS 
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10 X 10 5 KT S°Ar.P SHUTTLF CHFCK U 5 T 
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inxio SWT SPACF SMUTTI.F CHECK LIST 


-I . . 


■ifr •!►• :A- y* !*• A ^Jc ^ ^ T^t Tfi ^ ^ ^ ^ ^ « 


If! « 3|r 3{' t « •> « t ^ ’}' « Jft ^ « 

4 * 


APPRr NO. 3 



ill 

I’l 


I£ C1JSJJI5JG IHf ££i£F^ nyilClJ NO £Ef£D£‘i£ llj JU£ 

'TPFT, RF0CF5T AN FLFFTRICAL SYSTEM CHCCK FY FLFCTRFCAL 
F'''GrNCFR AKO 'rLOSF* FTOS A^gn 0X^5. AFT'^R SYSTEM CHFCK 
IS cnMPLFTF, r,n rn paf,f if to stfp where fto5 and nx35 
AFF OPFJNFO to establish IF.NITIOK r.AS Finw. IF NO 
PFSPoriSF IS INOICATFO AGAIN, PROCFFO WITH CHFCK LIST 
FXCF"T WHFA TUNMFL SHUT-DOWN IS FOMPLETE, THNNEl VENT 
FANS TO BE LEFT on FOR ONF HOUR nEFOPF ALLOWING ENTRY 
wrr TFST SECTION. 


i£ ££'£ DP lilG D£ !££ JGNUEES £A 1 L ID IGNIIfx TU£ £DU IS 
ACQPTECl, PROCEED WITH CEFCK LIST EXCEPT WHEN TUNNEL 
SHUT-PPWN IS F.OMnLFTF, TUNNEL VENT FANS TO PE LETT ON 
FCR ONF. HOUR BEFORE ALLOWING ENTRY INTO TEST SECTION. 




..rC5T.SCCnoN._£NT.RY.,PS0CLDURES KILL BE-IHE _ SAHE_AS- FOR 
AP-OPI NO. 3 


PEPSONMEL ENTERING THE TUNNEL SHALL DOM PLASTIC FACE 

SHiPL", ppnr.FFo TO the fpomt of thf mopel and disassemble 

PAPTS TO EXPOSE thf igniter WIRE LEADS. THF IGNITION 
WIPES APF TO BE DISCONNFrTEn AFTER SHORT CIPCUITiNG THE 
PPinoP WIPE BY installing A CLAMP ON THE IGNITER WIRFS, 
THE IGA/ITEP SHALL PE REMOVED AND PLACED INTO A BUCKET 
OF WATFR, 


'ALL* ICNirCRS INCLUDING UMFIPED ONF.S HILL BE PEMOVFD 
IAS PER ABORT MO. 3 ) AND oiACFO INTO A 6 UCKFT OF WATER 
_AND D ISPOSED JF. AS PER ABnP..T_.N 0 . 3 . _ , 


PE’-'OVF UNFIFFD PSR'^ propellant MOl DFRS AND P.FTURN TO 
TEMPORARY STORAGE AREA. 


THE M ALF'INFT I noFO IGNITERS SHALL BE DISPOSED OF PFR 
prrCFPURFS SFT forth in CALSPAN AP.n- 75-00 1 . 


lAI IF THIS ACTION CAUSES A'lGHT'S OPERATION TO PE 
ABORTED, CONTINUE WITH ‘POST PUN PROCEDURE* 


pr'<rvF BSPM PRORFLIANT HFLOERS AND RETURN TO TEMPDRARY 
STORAGE area. 


IE) IF RUM IS TO BE CONTINUED. RETURN TC FIRST STEP OF 
*PRF-RUN CHFCK LIST* AND VERIFY COMPLETION OF ALL 
- .. STEPS..- - . 


(A) IF THIS AETTON causes NIGMT*S OPFRATIpN TO F 
ABOOTcn, CONTI MUF WITH *PnST RUN PPnCFDURF* 


P O 
.'=9 ^ 


f E 1 


IE PUN IS TO BF rCNTINUFD, RFTUPN TF FIRST STEP OF 
'PRF-PLI*! CHErK LIST* AND VEPIFY COMPLETION OF ALL 
STEPS 


sa 

§§ 

g?- 

P P 
Stg 


&? 
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